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FLUID COMl^OSITIONS CONTAINING REFRIGERATOR 
OILS AND CIILORINE-FREE FLUOROCARBON REFRIGERANTS 

5 

Background of the Invention 

1. Field of the Invention 

This invention relates to a fluid composition for 
10 compressors of refrigerators comprising a chlorine-free 

fluorocarbon as a refrigerant and a lubricating oil (the oil 
being hereinafter referred to as "a refrigerator oil for use 
with a chlorine-free fluorocarbon refrigerant") and, more 
specifically, it relates to such a fluid composition which 
15 comprises a specific ester as a base oil and is superior in 
various properties. 

2. Prior Art 

Generall3', naphthenic minera] oils, paraffinic 
mineral oils, alkylbenzenes , polyglycolic oils, ester oils 
20 and mixtures thereof, which have each a kinematic viscosity 
of 10 - 200 cSt at 40°C, as well as these oils incorporated 
with suitable additives have been used as refrigerator oils. 

On the other hand, chlorof 1 uorocarbons (CFCS) typo 
refrigerants, such as CFC-11, CFC-12, CFC-113 and HCFC-22, 
25 have been used for refrigerators. 

Of these CFCS, CFCS such as CFC-11, CFC-12 and CFC- 
113, which are obtained by substituting all the hydrogen 
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atoms of hydrocarbons thereof by halog-eri atoms including: 
chlorine atoms, may lead to the destruction of the ozone 
layer, and therefore, the use of the CFCS tias been 
controlled. Accordingly, chlorine-free f luorocarbons , such 
5 as HFC-134a and HFC-152a, have been being used as 

substitutes for CFCS. HFC-134a is especially promising as a 
substitute refrigerant since it is simjlar in thermodynamic 
properties to CFC-12 which has heretofore been used in many 
kinds of refrigerators of home cold-storage chests, ajr- 

10 conditioners and the like. 

Refrigerator oils require various properties, among 
which their compatibility with refrigerants is extremely 
important in regard to lubricity and system efficiency in 
refrigerators. However, conventional refrigerator oils 

15 comprising, as the base oils, naphthenic oils, paraffinic 
oils, alkylbenzenes , heretofore known ester oils and the 
like, are hardly compatible with chi or ine-f ree f luorocarbons 
such as nFC-134a. Therefore, if said conventional 
refrigerator oils are used in combination with HFC-134a, the 

20 resulting mixture will separate into two layers at normal 

temperature so as to degrade the o i I - re turnab i ] i ty which is 
the most important within the refrigeration system and cause 
various troubles such as a decrease in refrigeration 
efficiency, the deterioration of lubricity and the 

25 consequent seizure of the compressor within the system 

whereby the refrigerator oils are made unsuitable for use as 
such. In addition, polyglycol ic oils are also known as 



refrigerator oils for their high viscosity index and are 
discJosed in. for example, .IP- A-57-42119 and JF-A-61-52B80 
and JP-A-57-51795 . However, the poiyglycol i c oils disclosed 
in these prior art publications are not fully compatible 
with HFC-134a thereby raising the same problems as above and 
rendering them unusable. 

Further, US - A-4 , 755 , 316 discloses polyglycolic 
refrigerator oils which are compatible with HFC-134a and US- 
A-4,851,144 discloses refrigerator oils comprising a mixture 
of an ester and a poiyglycol which arc compatible with HFC- 
134a. In addition, the present inventors developed 
polyglycolic refrigerator oils which have excellent 
compatibility with HFC- 134a as compared with conventional 
known refrigerator oils, filed an application for a patent 
for the thus developed polyglycolic refrigerator oils and 
have already obtained a patent ( US - A-4 , 948 , 525 ) therefor. 
It has been found, however, that the polyglycolic oils raise 
problems as to their high compatibility with water and 
inferior electrical insulating property. 

On the other hand, refrigerator oils used in 
compressors of home refrigerators and the Like are required 
to have a high electrical insulating property. Among the 
known refrigerator oils, alky Ibenzenes and the mineral oils 
have the highest insulating property, but they are hardly 
compatible with chlorine- free f luorocarbons such as HF(:-134a 
as mentioned above. WO 90/12849 describes a composition 
comprising a hydrogen-containing hal ogenocar bon and a 
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specific ester lubricant. No refrigerator oil having- both 
high compatibility with chlorine-free f luorocarbons such as 
HFC-134a and a high insulating property has been developed 
prior to the present Invention. 

5 

Summary of the Invention 

The present inventors made various intensive studies 
in attempts to develop refrigerator oils which can meet the 

^ aforesaid requirements and. as the result of their studies, 
they found that esters having specific structures have 
excellent compatibility with chlorine-free f luorocarbons 
such as HFC-134a, a high electrical insulating property, and 
a low pour point as well as excellent lubricity. The 
present invention is based on this finding. 

The object of the present invention is to provide 
fluid compositions comprising a refrigerator oil and a 
chlorine-free fluorocarbon refrigerant, the oil comprising 
as a major component (or a base oil.) an tetraester having a 

^ specific structure and having excellent compatibility with 
chlorine-free f luorocarbons such as HFC-134a, high 
electrica] insulating property, high wear resistance, low 
hygroscop j ci ty , and higii thermal and chemLcat stability. 

The present invention provides a fluid composition 

^ for a refrigerator, which comprises a chlorine-free 

fluorocarbon refrigerant and a refrigerator oil, said 



refrigerator oil consisting: essentially of a tetraester of 
pentaerythritol of formula (1) 

CH2OH 

HOH2C - C - CH3OH ( 1 ) 

I 

CH2OH 

with both 2-ethylhexanoic acid and 3 , 5 , 5- 1 r i me thy Ihexano i c 
acid . 

The tetraester products obtained by any conventional 
methods may be refined to remove the by-products and/or 
unreacted reactants , but the by-products and/or unreacted 
reactants may be present in small amounts in the 
refrigerator oils according- to the present invention as far 
as they do not impair the excellent performances thereof. 

In the preparation of the ref r ig:erator oil according 
to the present invention, the ester mentioned above may be 
used singly, or jointly as a mixture of at least one kind of 
other esters for adding to the base oil. 

The kinematic viscosities of the base oi] according 
to the present invention are in the range of preferably 2- 
150 est, more preferably 5-100 cSt at 100"C. 

The refrigerator oil according to the present 
invention may contain as the only base oil the tetraester of 
pentaerithritol with both 2-ethylhexanoic acid and 3,5,5- 
tr imethylhexanoic acid and, as required, it may be 
incorporated with paraffinic minera] oils, naphthenic 
mineral oils, polya-olef ins . alkylbenzenes and the iike, 



but, in this case, the resulting- mixed oil will be lowered 
Ln compatibility with hydrog-en-containing- halogonocarbons . 

The amount of these conventional oils so incorporated 
is not particularly limited as far as the excellent 
performances of the ref r ig-erator oil according: to the 
present invention are not impaired, but the tetraester of 
pentaerythri tol with both 2-ethylhcxanoic acid and 3,5,5- 
trimethy] hexanoic acid shouid be present in the resulting 
mixed oil in a ratio of usually more than 50 % by weig-ht, 
preferably not less than 70 % by weight of the total amount 
of the mixed oil. 

To further improve the refrigerator oil according to 
the present invention in thermal stability and chemical 
stability, it is incorporated with at least one kind of an 
epoxy compound. The epoxy compound used herein is 
preferably selected from the group consisting of 
phenylg-lyci dyl ether epoxy compounds, alkylglyc idy 1 ether 
epoxy compounds, glycidyl ester epoxy compounds, 
aryioxirane compounds, alkyloxirane c;ompounds , alicyc;Jic 
epoxy compounds, epoxidized fatty acid monoesters and 
epoxidized vegetable oils. 

The said phenylglycidyl ether cpoxj' compounds used 
herein include phenylglycidyl ether and derivatives thereof 
such as alkylphenylglyc i dyl ethers. The said 
aJ kylpheny] glycidyl ethers are those having 1 to 3 alkyl 
groups having 1 to 13 carbon atoms, among which are 
preferred those having an alkyl group having 4 to 10 carbon 



- 7 - 

citoms, such as n-butylphenylgiycidyi ether, i- 
butylphenylg-lycidyl ether, sec-buty Iphcnyig-lycidyl ether, 
tert-butylphenylg-lyc i dyl ether, penty] phenylglycidyl ether, 
hexylphenylglycidyi ether, heptylphenylglycidyl ether, 
5 octy] phenylg-lycidyl ether, nonylphenylg-lycidyl ether and 
decylphenylg-] yc i dy 1 ether. 

The alky Igiyc i dyl ether epoxy compounds include 
decylglycidyl ether, undecy.l glyc j dy 1 ether, dodecylglyci dyl 
ether, tr idecylglycidyl ether, tetradecylglycldyl ether, 2- 

10 ethylhexylg-lycidyl ether, neopentyl glycol diglycidyl ether 
trimethylolpropane trigl.yctdyl ether, pentaerythri tol 
tetraglyc Idyl ether, 1 , 6-hexanedJ o 1 diglycidyl ether, 
sorbitol polyglycidyl ether, polyalkylene glycol 
monoglycidyl ethers and polyalkylene glycol diglycidyl 

15 others. 

The glycidyl ester epoxy compounds include 
phenyl glycldyl esters, alky Igl yc i dyl esters and 
alkenylglycidyl esters with glycidyl 2,2-dimethyl octanoate 
glycidyl benzoate , glycidyl acrylate, glycidyl methacrylate 
20 and the like being preferred. 

The aryloxirane (K)mpounds include 1 , 2-epoxys tyrene 
and alk3'l- 1 , 2-epoxysty rene . 

The alkyloxirane compounds include 1 , 2-epoxybutane , 
1 , 2-epoxypentane , 1 , 2-cpoxyhexane , 1 , 2-epoxyhep tane , 1,2- 
25 epoxyoctane, 1 , 2- epoxynonanc , 1 , 2-epoxydecanc , 1,2- 

cpoxyundecane . 1 , 2- epoxydodecane , 1 , 2-epoxy tr Idecane , 1,2- 
epoxy te tradecane , 1 , 2-epoxypentadecane , 1 , 2-epoxyhexadGcane 



1 , 2-epoxyheptadec;ane , 1 , 1 , 2- epoxyoc tadecane , 2- 
epoxyrioriadecane and 1 , 2-epoxyeicosane . 

The alic3'clic epoxy compounds include 1,2- 
epoxycyclohcxanc , 1 . 2-epoxy cyclopentane , 3,4- 
5 epoxycyc 1 ohexy ImethyJ -3 , 4-epoxycyclohexane carboxylate , bis 
( 3 , 4-epoxycyclohexylinethyl ) adipate, exo-2,3- 
epoxynorbornane , bis ( 3 , 4-epoxy-6-methylcyclohexylmethyl ) 
adipate, 2-(7-oxabicyc.lo[4.1.0]hept-3-yl)-spiro(l, 3-dioxane- 
5 , 3 ' - [ 7 1 oxab icyclo [ 4 . 1 . 0 ] heptane , 4- (1 ' -methyl epoxy ethyl ) - 

10 1 , 2-cpoxy-2-methylcyclohexane and 4-epoxyethyl-l , 2- 
epoxycyclohexane . 

The epoxldized fatty acid monoesters include esters 
of an cpoxidizcd fatty acid having 12 to 20 carbon atoms and 
an alcohol having- 1 to 8 carbon atoms, phenol or an 

15 alkylphenol . In particular, butyl, hcxyl, benzyl, 

c3^clohexyl, methoxj'ethyl , octyl , phenyl or butylphenyl 
esters of epoxidized stearic acid may preferably be used. 

The epoxidized vegetable oils include epoxidized 
compounds of vegetable oils such as soybean oil, linseed oil 

20 and cottonseed oil. 

Among these epoxy compounds, the preferable ones 
include phenylgl yc Ldy 1 ether epoxy compounds, alkylglycidy ] 
ether epoxy compounds, glycjdyl ester epoxy compounds and 
ali cyclic epoxy compounds. 

^5 It Is desirable that these epoxy compounds be 

incorporated in the refrigerator oi] according to the 
present invention Ln a ratio of 0.1-5.0% by weight, 



preferably 0.2-2.0% by weight, of the totcil amount of the 
ref rig-erator oil. 

The refrigerator oil composition ac:cording to the 
present invention may be incorporated further with at least 
one kind of a phosphorus compound seiccted from the group 
consisting of phosphoric esters, acid phosphoric esters, 
amine salts of acid phosphoric esters, chlorinated 
phiosphoric esters and phosphorous esters, to improve the oil 
c;omposition in wear resistance and load resistance. These 
phosphorus compounds are esters of phosphoric acid or 
phosphorous acid and an alkanol or a polyether type alcohol, 
or derivatives of the esters. The phosphoric esters are 
exemplified by tributyl phosphate, triphenyl phosphate and 
trjcresyl phospiiate. The acid phosphoric esters are 
exemplified by ditetradecyl acid phosphate, dipentadecyl 
acLd phosphate, dihexadecyl acid phosphate, diheptadecyl 
acid phosphate and dioctadecyl acid phosphate. The amine 
sai ts of acid phosphoric esters arc exemplified by salts of 
the above acid phosphoric esters and amines such as 
mcthylamine, ethyiamine, propylamine, butylamine , 
pcntyj amine, hexylamine, heptylamine, octylamine, 
dime thylamine , dl ethyiamine , dipropylamine , dibutylamine , 
d j pen ty iamine , dihexyl amine , diheptyl ami ne , dioctylamine , 
tr imethy iamine , tr iethylamine , tr ipropyj.amine , 
tributy 1 amine , tr ipcnty iamine , tr i hexy lami ne . trihcptylami ne 
and tri octylamine . The chlorinated phosphoric- esters are 
exemplified by tri s-dich loropropyl phosphate, 
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tri s • c;hloroethy ] phosphate , 

polyoxyaikylene ■ bis [ di ( chioroalkyi ) ] phosphate and 
tri s • chloropheny I phosphate. The phosphorous esters are 
exemplified by dibutyl phosphite, tributyl phosphite, 
5 dipenty] phosphite, tripentyl phosphite, dihcxyl phosphite, 
trlhexyl phosphite, diheptyl phosphite, trtheptyl phosphite, 
dioctyl phosphite, trioc;tyl phosphite, dinonyl phosphite, 
di decyl phosphite, diuiidecyl phosphite, trLundecyi 
phosphite, didodecyl phosphite, tridodecyl phosphite, 

10 diphenyl phosphite, triphenyl phosphite, dicresyl phosphite, 
tricresyl phosphite and mixtures thereof. These phosphorus 
compounds may be added to the refrigerator oil in a ratio of 
0.1-5.0 % by weight, preferably 0.2-2.0 % by weight, of the 
total amount of the refrigerator oil. 

15 Of c;ourse, both of the aforementioned phosphorus 

c:ompounds and epoxy compounds may be used jointly. 

To further enhance the refrigerator oil according to 
the present invention in performances, the refrigerator oil 
may be incorporated, as required, with heretofore known 

20 additives for a refrigerator oil, which include phenol-type 
antioxidants such as di -tert . -butyl-p-cresol and blsphcnol 
A; amine- type antioxidants such as phenyl-a-naphthylaminc 
and N , N-di ( 2-naphthyl ) -p-phenylonedi am i ne ; wear resistant 
additives such as zinc; dl thiophosphate ; extreme pressure 

25 agents such as chlorinated paraffin and sulfur compounds; 

oiliness improvers such as fatty ac;ids; antifoaming agents 
such as si licone- type ones; and metal inacti\'ators such as 



benzotr iazole . These additives may be used singly or 
jointly. The total amount of these additives added is 
ordinarily not more than 10 % by weight, preferably not more 
than 5 % by weight, of the total amount of the refrigerator 
5 oil. 

The refrigerator oils according to the present 
invention consisting essentially of a tetraester of 
pentaerythrito.l with both 2-ethy Ihexanoic acid and 3,5,5- 
trimethylhexanoic acid as the base oil should have such 

10 viscosity and pour point as those which are normally 

suitable for an ordinary refrigerator oil, but they should 
have a pour point of not higher than -10"C, preferably -^O'^C 
to -80^C, to prevent them from solidification at a low 
temperature. Further, they should desirably have a 

15 kinematic viscosity of not less than 2cSt, preferably not 
less than 3cSt at 100°C, to keep the sealability of the 
compressor when used, while they should desirably have a 
kinematic viscosity of not more than loOcSt, preferably not 
more than lOOcSt at 100"C, in view of their fluidity at a 

20 low temperature and the efficiency of heat exchange in the 
evaporator when used. 

The refrigerants which may be used in refrigerators 
in which the fluid composition of the present invention are 
suitably used, include chlorine-free f I uorocarbons 

25 such as alkane fluorides having 1-3 carbon atoms, preferably 
1-2 carbon atoms. The said ch Lor ine-f ree f luorocarbons are 
exemplified by HFCs (chlorine-free type halogenocarbons ) 
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such as d if luoroinethane (IlFC-32), tr i f luoromethano (HFC-23), 
pentaf luoroethane (HFC-125). 1 , 1 , 2 . 2- tetraf iuoroethane (HFC- 
134), 1 , 1 . 1 , 2-tetraf luoroethane (HFC-134a). 1,1,1- 
trif 1 uoroethane (HF(:-143a), 1 , l-d1 fluoroelhane (IIFC-152a) 
and mixtures thereof. Among- these chlor i ne- f ree 
fluorocarbons , HFC-32, HFC-23. HFC-11^5. HFC-I34. HFC-134a 
and HFC-152a, arc preferable in view of the environmental 
problems. The refrigerant used may suitably be selected 
from these halog-cnocarbons mentioned above depending- on the 
purpose for which the resulting refrigerant is used as well 
as the properties which are desirable for the resulting 
refrigerant. The preferable refrigerants are exemplified hy 
HF(:-134a; a mixture of HFC-134a (60-80wt5^) and HFC-32 (40- 
20wt%) ; a mixture of HFC-32 (50-70wt%) and HFC-125 (50- 
30wt%) ; a mixture of H]-'C-134a (60wt%), HFC-32 (30wt%) and 
HFC-125 (10wt%); a mixture of HFC-134a (S^wt"^), nFC-32 
(23wt'%) and HFC-125 (25wt%); and a mixture of HFC-]43a 
(52wt%). HFC-125 (44wt%) and HFC-]34a (4wt%). 

The fluid composition of the present invention for 
use in a refrigerator is a mixture of the refrigerator oil 
and a c-hlor i no -f roc halogonocarbon such as an alkane 
fluoride as mentioned above. 

The mixing ratio of the refrigerator oil and the 
refrigerant in the resulting composition is not particularly 
limited, but the refrigerator oil is usualij- comprised in an 
amount of 1-500 parts by weight, preferably in an amount of 
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2-400 parts by weight, based on 100 parts by weight of the 
rofr i gerant . 

The refrigerator oils ac:cordirig to tfie present 
invention are very excellent in compatibility with the 
5 hydrogen-containing halogenocar bons as compared with the 
heretofore known refrigerator oils. Further, the 
refrigerator oils according to the present invention are 
excellent because they have not on]y high compatibility with 
the hydrogen-containing halogenocarbons and high electrical 
10 insulating property but also high lubricity, low 

hygroscopicity , low pour point and high thermal and chemical 
stability . 

The fluid compositions of the present invention may 
par t i c:u 1 arly preferabJ^' be used in refrigerators, air- 

1-^ conditioners, dchumidif iers , cold-storage chests, freezers, 
freeze and refrigeration warehouses, automatic vending 
machines, showcases, cooling units in chemical plants, and 
the like which have a reciprocating or rotary compressor; 
l'"urther, the above refrigerator oiis may also preferably be 

20 used in refrigerators having a centrifugal compressor. 

The present invention will be better understood by 
the following Examples and Comparative Examples. 



25 



Examples 1-2 and Comparative Examples 1-14 

First, base oils ac;cording to the present invention 
(Base oil 1) and comparative base oils (Base oils 2-13), 
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which are used in the Examples and Comparative Examples, 
respectively, are illustrated as follows: 

[Base oil 1] A tetraester of pentaery thr i tol (1 mol ) , 2- 
ethylhexanoj c acid (2 mol) and 3 , 5 , 5-tr imethylhexanoic acid 
(2 mol) 

C CHz - OOC - R j R ; - CH- CH^ - CH^ - CH2 - CH3 
C2H5 

or 

CH3 CH3 
I ! 
- CH2 - CH- CH2 - C - CH3 
I 

CH3 

[Base oil 2] A tetraester of pentaery thr i tol (1 mol) and 2- 
ethylhexanoic acid (4 mol): 



C|CH2-00C-RJ R; - CH- CH2 - CH2 - CH2 - CH3 
C2H5 



[Base oi] 3] A tetraester of pentaery thr i tol (1 mol) and 
3 , 5 , 5- tr imethylhexanoic acid (4 mol): 

CHs CH3 
C -[ CH2 - OOC - R R ; - CH2 - CH- CH2 - C - CH3 

CH3 

[Base oil 4] A naphthenic mineral oil 



[Base oil 5 1 A branc;hed-chain type alkylbenzene (averag-e 
molecrular weig-ht: about 300) 

[Base oil 6j Polyoxypropy lene glycol monobutyl ether 
(average molec;ular weight: about 500) 



[Base oil 7] Polyoxypropy lenc glycol monobutyl ether 
(averag-e molecular weight: about 1 000) 



[Base oil 8] Pol yoxypropylene g-lycol (averag-e molecular 
weight: about 700) 

[Base oil 9] Polyoxypropylene glycol (average molecular 
weig:ht: about 2000) 

[Base oil 10] A tetraestcr of pentaery thr i tol (1 mol) and 
n-nonanoic: acid (4 mol): 

[Base oil 11] A tetraester of pentaery thr i tol (1 mol) and 
coconut oil 

[Base oil 12] A triester of tr J methylolpropano (I mol) and 
n-nonanoic acid (3 mol): 

[Base oil 13] A triester of tr imethylolpropane (1 mo]) and 
c;oconut oii 

The refrigerator oils of Fxamples 1-2 according to 
the present invention each of which has a composition 
indic;ated in the following Table 1 were prepared and then 
evaluated for their performances that are their misc;jbiiity 
with HFC-134a, insulating property, wear resistanc;e, 
hygroscopici ty and thermal and chemical stability by the 
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following respective test methods. The results thus 
obtained are indicated in Table 1. 

For comparison, the ester of pentaer i thr i tol with 2- 
cthylhexanoic acid (Comparative Ij^xampJes 1 and 2), the ester 
5 of pentaer ithritol with 3 , 5 , 5- tr i me thy Ihexanoi c cicid 

{Comparative Examples 3 and 4), the mineral oil (Comparative 
Example 5), the alkylbenzene (Comparative Example 6), the 
polypropylene glycol monoalkyl ethers (Comparative Examples 
7 and 8), the polypropylene glycols (Comparative Examp.les 9 
10 and 10) and the straight- chain fatty acid esters of pol3^ol 
alcohols (Comparative Examples 11-14) which have heretofore 
been used as refrigerator oils were evaluated for their 
performances in the same manner as in ExampJes 1-2. The 
results thus obtained are also indicated in Table 1. 

15 

(Miscibility with HFC- 134a) 

0.2 g of the test oil of each of the Examples and the 
Comparative Examples and 1.8 g of the refrigerant (HFC-134a) 
were sealed in a glass tube having an inner diameter of 6 mm 
20 and a length of 220 mm. This glass tube was then placed in 
a thermostat maintained at a predetermined low temperature 
or high temperature to observe whether the refrigerant and 
the test oil were miscible with each other, separated from 
each other or made wh i to - turbi d . 

25 

(Insulating property) 
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The test oils wore each measured for specific volume 
resjstivjty at 25"C in accordance with JIS C 2101. 

(FALEX wear test) 
5 The test oils were Gac:h applied to a test Journal for 

measuring- the amount of the test journal worn by having- the 
journal run in at a test oil temperature of 100 °C under a 
load of 150 lb for 1 minute and then running it under a load 
of 250 lb for 2 hours in accordance with ASTM D 2670. 

10 

{ Hygroscop icl ty ) 

Thirty grams (30 g) of each of the test oils were 
placed in a 300-ml beaker, allowed to stand for 7 days in an 
air-conditioned bath maintained at a temperature of 60 °C 
15 and a humidity of 30 % and then measured for water content 
by the Karl-Fischer method. 

(Thermal and chemical stability) 

Thermal and chemLc;al stabilities of the test oils 

20 were evaluated by the following sealed tube test with HFC- 
134a in accordance with JIS K 2211 4.9. 

.An equi-volume mixture of each of the test oils and 
the refrigerant (HFC- 134a) was sealed, together with copper, 
iron and aluminum c;atalysts, in a glass tube and then heated 

25 to 250"C for 168 hours to observe discoloration of the test 
oil and surface states of the catalysts and determine the 
degree of discoloration. The degree of discoloration of the 
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t,est oil was classified into 9 grades ranging from 0 (no 
discoloration) to 8 { blac;k-brown color). 

(Pour point) 

5 Tiie test oils are eacii mecisured for specific pour 

point in acc;ordance witli J 1 S K 2269. 



10 
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it is apparent from the results indic;atod in Table 1 
that the refrigerator oils (Examples 1 and 2) accrordjng to 
the present invention are excellent in mi sc; i b i 1 i tj' with a 
refrigerant, HF(:-I34a, as compared with those of Comparative 
5 Examples 5-6 and 11-14. 

As is apparent from the results indicated in Table 1, 
the esters of Comparative Examples 11 cind 13 in which the 
alk3'l groups of the ac:id moiety are all straig-ht-chain ones 
are inferior in misc:ibility with the refrigerant. Further, 

10 Table 1 shows that the esters of Comparative Examples 12 and 
14 which have heretofore been used as lubricating oils, 
refrigerator oils and the like and in whic;h the acid moiety 
is originated from a natural fat or oil, are also inferior 
in miscibility with the refrigerant. 

1'^ Table 1 further shows that the ethers of Comparative 

Examples 7 and 8 as well as the po lyoxypropy lone glyc;ols of 
Comparative Examples 9 and 10 are exceilent in miscibilitj' 
with the refrigerant, but these ethers and glycols are 
inferior in insulating property thereby rendering them 

20 urnjsable for hermetic type compressors. Still further. 

Table 1 shows tiiat the ethers and glycols of Comparative 
Examples 7-10 have hygroscopi ci ty .5-10 times that of the 
refrigerator oils of Examples 1 and 2 and are also inferior 
in electrical insulating property, ic:e choke, wear 

25 resistanc;e, stability and the like to the refrigerator oils 

of the Examp] es . 
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The FALKX wear test shows that the refr iterator oils 
of KxampLes 1 and 2 are at least equal in wear resistance to 
those of Comparative Examples 7-10. 

The esters of Comparative F^xamples 1-4 are at least 
5 equivalent to those of Examples 1 and 2 in misc:ihility with 
HFC- 134a, insulating property, wear resistance and 
hygroscopici ty , but, as is apparent from the results 
indicated in Table 1 that the refrigerator oils {Examples 1 
and 2) ac;c;ording to tiie present invention is exc;ellent in 
10 thermal stability having Low pour point as compared with 

those of Comparative Examples 1-4. 

The results of the sealed tube test shows that the 
refrigerator oils of Example 2 is stil] more excellent in 
thermal and chemical stability as compared with the 
15 refrigerator oil of Example 1 as well as the refrigerator 

oils of Comparative Examples 1 and 3. 

(Effec:t of tiie Invention) 

As is apparent from the above comparative 

20 experiments, the refrigerator oils ac;cording to the present 
invention are suitable for use in refrigerators using 
there Ln a hydrogen-containing halogenocarbon as a 
refrigerant and are excellent in clec;tri(;al insulating 
property, wear resistance, nonhygroscopic i ty and thermal and 

25 chemical stability. in other words, the refrigerator oils 
ac;cording to the present invention excellently have ail 
properties which are important for refrigerator oils. 
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What is claimed is: 

1. A fluid composition for a refrigerator, which 
comprises a chlorine-free f iuorocrar bon refrigerant and a 
refrigerator oil, said refrigerator oil consisting 
essentially of a tetraester of pentaery thr i tol of formula 
(i ) 

CH2OH 

HOH2C - C - CH2OH ^ 1 

I 

CH2OH 

with both 2-ethylhexanoic acid and 3 , 5 , 5 - tr ime thylhexano i c 
acid, said refrigerator oil exhibiting a pour point not 
higher than -10°C. 

2. The fluid composition according to claim 1 
wherein said refrigerator oil has a pour point of -20°C to 
80°C. 

3. The fluid composition acc:ording to claim 1 
wherein said 2-ethy ihcxanoic acid and 3,5,5- 
trimethylhexanoic acid are in a molar ratio of 1:1. 

4. The fluid composition according to claim 1 which 
additionally contains 0.1-5% by weight based on the total 
amount of said refrigerator oil of at least one epoxy 
compound, said epoxy compound being a member selected from 
the group consisting of phenyl gl yc-idy] ether epoxy 
compounds, al ky Iphenylglycidyl ether epoxy compounds, 
alkylgiycidyi ether epoxy compounds, glycidyl ester epoxy 
compounds, allyloxi rane compounds, aikyloxirane compounds. 



alicyciic: epoxy ctompounds and epoxidized fatty acid 
monoesters . 

o. The f'Juid composition acrcording: to c;iaim 1 \vhi<:h 
additionally c:ontains at least one phosphorus compound 
selec;ted from the group c:onsisting- of phosptioric esters, 
acrid phosphoric: estc^rs, airilnc^ salts of acid phosphoric 
esters, chlorinated phosptioric esters, and phosphorous 
esters . 

6. The fluid composition according: to c;laim 1 which 
additionally contains at least one additive selected from 
the g-roup consisting: of phenol antioxidants, amine 
antioxidants, wear resistant additives, extreme pressure 
ag:ents. oiliness improvers, antiforming- ag-ents and meta] 
inacti vators . 

7. A fluid composition for a refrigerator, which 
consists of a chlorine-free fJuorocarbon refrigerant and 1- 
.500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator ofj , said refrigerator oil 
being a tetraoster of pentaery thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ( 1 ' 

1 

CHsOH 

with both 2-ethylhexanoic acid and 3 , .5 , .5 - t r imo thy Ihexano i c 
acrid, said refrigerator oil exhibiting a pour point not 
higher than -lO'-'C. 
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8. A fluid compositjon for a refrigerator, which 
consists of a chlorine-free fluorocarbon refrigerant and 1- 
500 parts by weight based on 3 00 parts by weig-ht of said 
refrig-erant of a refrigerator oil, said refrigerator oil 
consisting of a tetraester of pentaery thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ( 1 ) 

I 

CH2OH 

with both 2-e thy Ihexanoic acid and 3 , 5 , 5- tr i raethylhexanoic 
acid; and 0.1-5% by weight based on the total amount of said 
refrigerator oil of at least one epoxy compound selected 
from the group consisting of phenylglycidy] ether epoxy 
compounds, alky Ipheny Iglyci dyl ether epoxy compounds, 
alkylglycidyl ether epoxy compounds, glycidyl ester epoxy 
compounds, allyloxirane compounds, alkyloxirane compounds, 
alicyclic epoxy compounds and cpoxidlzed fatty acid 
monoesters and said refrigerator oil exhibiting a pour point 
not higher than -10°C. 

9. A fluid composition for a refrigerator, which 
c;onsists of a chlorine-free fluorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator oiJ, said refrigerator oil 
consisting of as a major component a tetraester of 
pentaery thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ^ ^ ^ 

I 

CH2OH 



with belli 2-ethy.l hexanoic acid cind 3 , 5 , 5 - L r irne thy ihexano i c: 
acid; and at least one c;()nventi ona] oil selected from the 
g-roup consisting- of paraffinLc; mineral oils, naphthenic 
mineral oils, polya-olet' j ns and a Lky Ibenzeries and said 
5 refrigerator oil exhibiting a pour point not higher than 
-10°C. 

10. A fluid composition for a refrigerator, which 
consists of a chlorine-free fluorocarbon refrig-erant and 1- 
500 parts by weight based on ] 00 parts by weight of said 
10 refrig:erant of a refrigerator oil, said refrigerator oil 

consisting of a tetraester of pentaery thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ^ 1 ^ 

CH2OH 

15 

with both 2-ethylhexanoic acid and 3 , 5 , 5- tr ime thy Ihexanoi c 
acid; and 0.1-5.0 % hy weight based on the total amount of 
said ref r ig-erator oil of at least one phosphorus compound 
selected from the group consisting of phosphoric esters, 
20 acid phosphoric esters, amine salts of acid phosphoric 
esters, ciilorinated pliosphoric esters, and phosphorous 
esters and said refrigerator oil exhibiting a pour point not 
higher than 

-1 o"(: . 

^5 11. A fluid cromposition for a refrigerator, wliicli 

consists of a chlorine- free f luoroc:arbon refrigerant and l- 
500 i^arts by weight based on 100 parts by weight of said 
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rofrliferant of a refrigerator oil, said refrigerator oil 
c;onsisting- of a tetraester of pentaery thr i tol of formula (1) 

CH2OH 

HOHzC - C - CH2OH ^ ^ ) 

I 

CH2OH 

with both 2-ethylhexanoic acid and 3 , 5 , 5 - t r ime thylhexanoi c 
acid; and not more than 10% by weight of at least one 
additive selected from the group consisting of phenol 
antioxidants, amine antioxidants, wear resistant additives, 
extreme pressure agents, oiliness improvers, antifoaming 
agents and metal inactivators and said refrigerator oil 
exhibiting a pour point not higher than -10"C. 

12. A fluid composition for a refrigerator, which 
consists of a c;hlor ine-f ree f luoroccirbon refrigerant and 1- 
500 parts b3' weight based on 100 parts by weight of said 
refrigerant of a refrigerator oil, said refrigerator oil 
consisting of as a major component a tetraester of 
pentaery thr i tol of formula (1) 

CH2OH ( J ^ 

HOH2C - C - CH2OH 
i 

CH2OH 

with both 2-ethylhexanoic; acid and 3 , 5 , 5 - t r ime thy 1 hexanoi c 
acid; at least one conventiona] oil selected from the group 
consisting of parafftnic; mineral oils, naphthenic mineral 
oils, iK)lycx-olef ins and alky Ibenzenes ; and 0.1-5% by weight 
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based on tho total amount of said re f'r igera tor oiJ of at 
least one epoxy compound, said epoxy compound being a member 
selected from the group c;onsisting of pheny Iglycridyl ether 
epoxy compounds, alky Ipheny Iglycidyl ether epoxy compounds, 
5 alky i gl yc j d3'l ether epoxy c:ompounds , glycidyl ester epoxy 

compounds, allyloxirane compounds, alkyloxirane compounds, 
alicyclic; epoxy compounds and epoxidized fatty acid 
mouoesters and said refrigerator oil exhibiting a pour point 
not higher than -lO^C. 
10 13. A fluid composition for a refrigerator, which 

consists of a chlorine-free fluorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator oil, said refrigerator oil 
being a tetraester of pentaerythr i tol of formula (1) 

15 

CH2OH 

HOH2C - C - CH2OH ^ ^ 

i 

CH20H 

with both 2-ethy.l hexanoic: acid and 3 , ,"3 , 5- trimethylhexanoic 
20 acrid; 0.1-5% by weight based on the total amount of said 

refrigerator oil of at least one epoxy c;ompound , said epoxy 
compound being a member seJecrted from the group c;onsisting 
of phenylglyctidyj ether epoxy compounds. alk3 lpheny Igly c; i dy 1 
ether epoxy crompounds, alky Igl ycridy] ether epoxy compounds, 
25 glyc:idyl ester epoxy c:ompounds , ailyioxirane crompounds , 

alkyloxirane compounds, alic:yc;Lic epoxy c:ompounds and 
epoxidized f'atty acid monoesters; and 0.1-.5.0 % by weight 
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based on the totaJ amount of said re f'r i g-erator oil of at 
least one [Phosphorus compound selected from the group 
consisting- of phosptioric esters, acid phosphoric esters, 
amine salts of acid pliosphoric esters, clilorinated 
5 phosphoric esters, and phosphorous esters and said 

ref r ig:erator oil exhibiting: a pour point not hig-her than 
-10°C. 

14. A fluid composition for a refrigerator, which 
consists of a chlorine-free fluorocarbon refrigerant and 1- 
10 .500 parts by weig-ht based on 100 parts by weight of said 
refrig-erant of a ref r ig-erator oil, said ref r ig-erator oil 
being: a tetraester of pentaery thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ^ ^ 

^ CH2OH 

with both 2-ethyJ hexanoic ac:id and 3 . 5 , 5 - t r ime thy Ihexano i c 
acid; 0.1-5.0 % by weight based on the total amount of Sciid 
refrigerator oiJ of at least one phosphorus compound 

20 selected from the group consisting of phosphoric esters, 
acid phosphoric esters, amine salts of acid phosphoric; 
esters, chlorinated phosphoric esters, and phosphorous 
esters; and not more than ] 0% by weight ol" at least one 
additive selected frc^m tiie group c-onsisting of phenol 

25 antioxidants, amine antioxidants, wear resistant additives, 
extreme pressure agents, oiliness impro\-ers. antifoaming 
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agents and metaJ inactivators and Sciid rel'r i g-erator oil 
exhibiting: a pour point not liigher than -lO^C. 

15. A fluid composition for a refrigerator, vvliic;ii 
consists of a c;hlor ine-f roe I'luorocar bon refrigerant and 1- 
500 parts by weigtit based on 100 parts by weight of said 
refrigerant of a refrigerator oil, said refrigerator oil 
consisting of as a major ctomponent a tetraester of 
pentaerj'thr i tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ^ ^ ' 

I 

CH2OH 

with both 2-ethylhexanoic: ac:id and 3 , 5 , 5 - 1 r ime thy Ihexanoi c; 
acid; at least one conventional oil selected from the group 
consisting of paraffinic mineral oils, naphthenic minerci] 
oils, pol ya-olc f ins and alky Ibenzenes ; and 0.1-5.0 X by 
weight based on the total amount of said refrigerator oil of 
at least one phosphorus c;ompound selected from the group 
consisting of phosphoric esters, actid phosphoric: esters, 
amine salts of ac;id piiosphoric esters, chlorinated 
phosphoric: esters, and piiosphorous esters and said 
refrigerator oil exhibiting a pcnjr point not higher than 
-lO^C. 

16. A fluid c:omposition for a refrigerator, whic:h 
consists of a chlorine- free fluorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of said 



refrigerant of a rel'r ig-erator oil, said ref r i g:erator oil 
being a totraester of pentaery thr i toi of formula (1) 



CH2OH 

HOH2C - C - CH2OH 
i 

CH2OH 



with both 2-ethy] hexanoic acid and 3 , 5 , 5- tr i methylhexanoic 
acid; 0.1-5% by weight based on the total amount of said 
refrigerator oiJ of at least one epoxy compound, said epoxy 

10 compound being a member selec;ted from the group consisting 

of phenylg] ycidyl ether epoxy compounds, alkylphenylglycidyl 
ether epoxy compounds, alkylglycidyl ether epoxy compounds, 
glycidyl ester epoxy compounds, ailyloxirane compounds, 
alkyloxirane c:ompounds, alicyclic epoxy compounds and 

15 epoxidized fatty acid monoosters; and not more tiian 10% by 

weight of at least one additive selected from tiie group 
consisting of phenol antioxidants, amine antioxidants, wear 
resistant additives, extreme pressure agents, oiliness 
improvers, antifoaming agents and metal inactivators and 

20 said refrigerator oil exhibiting a pour point not higiier 

than -lO^'C. 

17. A fluid compos! Lion for a refrigerator, which 
consists of a eh 1 or i no- free f 1 uo rocar bon refrigerant and 1- 
.500 parts by weight based on 100 parts by ueigiit of said 
25 rel'rlgerant of a refrigerator oil, said refrigerator oil 

c;onsisting of as a major component a tetraester of 
pentaerythritol of formuUi (1) 



- 3] - 
CH2OH 

HOHzC - C - CH2OH ^ ^ ^ 

1 

CH2OH 

with both 2-ethy Ihexanoic acid and 3 , 5 , 5- trimethylhexanoic 
acrid; at least one {conventional oi] selected from the group 
consisting- of paraffinic: mineral oils, naphthenic mineral 
oils, polya-olef ins and a.l ky Ibenzenes ; and not more than 10% 
by weig-ht of at least one cidditive selected from the g-roup 
consisting of phenol antioxidants, amine antioxidants, wear 
resistant additives, extreme pressure ag-ents, oiliness 
improvers, antifoaming agents and metal inactivators and 
said refrigerator oil exhibiting a pour point not higher 
than -10°C. 

18. A fluid composition for a refrigerator, which 
consists of a chlor inc-f ree fluorocarbon refrig^erant and 1- 
500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator oil, said refrigerator oil 
consisiting of cis a major c:omponent a tetraester of 
pentaery thr i tol of formula (1) 

CH2OH 

I (1) 
HOH2C - C - CH2OH 
1 

CH2OH 

with both 2-ethylhexanoic acid and 3 , 5 , .5- tr imethylhexano i c 
25 acid; at least one c:onvent iona] oil selected from the group 

consisting of paraffinic mineral oils, naphthenic mineral 
oils, pol3'o:-ol ef 1 ns and alkylbenzenes ; 0.1-5% by weight 



10 



15 



based on the total amount of said refrigerator oil of at 
J east one epoxy compound, said epoxy c:ompound being- a member 
selected from the group consisting of pheny] glycidyl ether 
epoxy compounds, alkylphenylglycidyl ether epoxy compounds, 
alkylglycidyl ether epoxy compounds, glycidy] ester epoxy 
c:ompounds, allyloxirane compounds, alkyloxirane compounds. 
ali(;yclic opoxy compounds and epoxidized fatty acid 
monoesters; and 0.1-5.0 % by weight based on the total 
amount of said refrigerator oi] of at least one phosphorus 
compound selected from the group consisting of phosphoric; 
esters. ac;id phosphoric esters, amine salts of acid 
phosphoric esters, chlorinated phosphoric esters, and 
phosphorous esters and said refrigerator oil exhibiting a 
pour point not higher than -10*^C. 

19. A fluid composition for a refrigerator, which 
consists of a chlorine-free fluorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator oil, said refrigerator oil 
consisting of a tetraester of pentaery thr i tol of formula (3) 

CH2OH 

HOH2C - C - CH2OH ( 1 ) 

I 

CH2OH 

with both 2-ethy I fiexanoi c acid and ;^ 5 , 5- tr imethylhexanoi c- 
ac;id; at least one conventional oil selected from the group 
c-onsisting of paraffinic mineraJ oils, naphthenic mineral 
oils, polya-olef ins and alkylbenzenes ; 0.1-5.0 % by weight 
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based on the total amount of said ref r igercitor oil of at 
least one phosphorus compound selected from the group 
cronsisting of phosphoric esters, acrid phosphoric esters, 
amine salts of acid phosphoric; esters, chlorinated 
5 phosphoric esters, and phosphorous esters; and not more than 
10% by weight of at least one additive selected from the 
group consisting of phenol antioxidants, amine antioxidants, 
wear resistant additives, extreme pressure agents, oiliness 
improvers, antifoaming agents and metal inactivators and 
10 said refrigerator oil exhibiting a pour point not higher 
than -10°C. 

20. A fluid composition for a refrigerator, which 
consists of a chlorine-free fluorocarbon refrigerant and 1- 
,500 parts by weight based on 100 parts by weight of said 
15 refrigerant of a refrigerator oil, said refrigerator oil 

consisting of a tetraester of pentaerythri tol of formula (1) 

CH2OH 

HOH2C - C - CH2OH ^ 1 ^ 

1 

CH2OH 

20 

with both 2-ethylhexanoic acid and 3 , 5 , 5- t r ime thy Ihexano i c: 
ac;id; 0.1-5% by weight based on the total amount of said 
refrigerator oil of at least one epoxy c;ompound, said epoxy 
c;ompound being ti. member selected from the group consisting 
25 of phenyl gLycidyl ether epoxy compounds, alky ipheny Iglyci dy 1 
ether epoxy compounds, alky Iglyci dyl ether epox3' compounds, 
glycidyl ester epoxy compounds, allyloxirane compounds. 



alkyloxirane compounds, alic:yclic: epoxy compounds and 
epoxidized fatty acid monoesters; 0.1-5.0 % by weight based 
on the total amount of said refrigerator oil of at least one 
phosphorus compound selectted I'rom the group c:onsisting of 
5 phosphoric esters, acid phosphoric esters, amine salts of 
acid phosphoric esters, c;hlorinated phosphoric esters, and 
phosphorous esters; and not more than 10% hy weight of at 
least one additive selec:ted from the group c;onsisting of 
phenol antioxidants, amine antioxidants, wear resistant 
10 additives, extreme pressure agents, oiliness improvers, 
antif earning agents and metal inactivators and said 
refrigerator oil exhibiting a pour point not higher than 
-10»C. 

21. A fluid c;omposltion for a refrigerator, which 
15 c:onsists of a ch 1 or i ne- free fluorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of sciid 
refrigerant of a refrigerator oil, said refrigerator oil 
consisting of as a major c;omponent a tetraester of 
pentaery thr i tol of formula (1) 

20 

CH2OH 

HOH2C - C - CH2OH ^ ^" ^ 

I 

CH20H 

with bothi 2-ethylhexanoic acid and 3 . 5 . 5- tr imethy 1 hexano i c: 
25 acid; at J east one conventionaJ oil selected from the group 
consisting of paraf'finic- riiLneral oils, naphthenic: mineral 
oils, polya-ol e f i ns and a 1 ky Ibenzenes ; 0.1-5% by weight 



based on the total amount of said refr ig-erator oil of at 
.least one epoxy crompound , said opoxy c:ompound being a member 
selected from the group consisting of pheny IgLyc i dyl ether 
epoxy compounds, alkylpheny.1 glycidyJ ether epoxy compounds, 
5 alkylglycidyl ettier epoxy compounds, glycidyl ester epoxy 
compounds, allyloxirane compounds, alkyloxirane compounds, 
alicyclic epoxy compounds and epoxidized fatty acid 
monoesters; and not more than 10% by weight of at least one 
additive selected from the group consisting of phenol 

10 antioxidants, amine antioxidants, wear resistant additives, 
extreme pressure agents, oiliness improvers, antifoaming 
agents and metal inactivators and said refrigerator oil 
exhibiting a pour point not higher than -lO^'C. 

22. A fluid c;omposition for a refrigerator, whicth 

15 consists of a chlorine-free fiuorocarbon refrigerant and 1- 
500 parts by weight based on 100 parts by weight of said 
refrigerant of a refrigerator oil. said refrigerator oil 
consisting of as a major component a tetracster of 
pentaery thr i tol of formula (1) 

2» CH2OH 

HOH2C - C - CH2OH ( ^ ) 

1 

CH2OH 

with both 2-etliylhexanoic! acid and 3 , 3 , 5 - t r i me t hy Ihexano i c 
25 acid; at least one c;onventiona I oil selected from the group 
ctonsisting of paraffinic mineral oils, naplilhenic; mineral 
oils, i)o] ya-oJ e f i ns and a 1 ky Ibenzenes ; 0.1-5 % by weight 
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based on the total amount of said refrigerator oil of at 
least one epoxy compound, said epoxy compound being a member 
seiected from the group consisting of pheny Iglyc Idy 1 ether 
epoxy c;ompounds, alky Ipheny 1 glyc i dy] ether epoxy compounds, 
5 alkyiglyc Ldyl ether epoxy compounds, glycidyJ ester opoxy 
compounds, allyloxirane compounds, aikyloxiranc compounds, 
alicyclic; epoxy compounds and epoxidized fatty acid 
monoesters; 0.. 1-5.0 % by weight based on the total amount of 
said refrigerator ol] of at least one phosphorus compound 

10 selected from the group consisting of phosphoric esters, 
acid phosphoric esters, amine salts of acid phosphoric 
esters, chlorinated phosphoric esters, and phosphorous 
esters; and not more than 10% by weight of at least one 
additive selected from the group consisting of phenol 

15 antioxidants, amine antioxidants, wear resistant additives, 
extreme pressure agents, oiLiness improvers, antifoaming 
agents and meta.l inactLvators and said refrigerator oil 
exhibiting a pour point not higher than -10"C. 

20 



25 
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ABSTI^CT OF THE DISCLOSURE 

A fluid composition for a ref r iterator , which 
comprises a chlorine-free fluorocarbon refrigerant and a 
5 refrigerator oil, said refrigerator oil consisting 

essentially of a tetraester of pentae ry thr i tol of formula 
(1) 

CH2OH 

HOH2C - C - CH2OH ^ 
^ CH2OH 

with both 2-ethylhexanoic acid and 3 , 5 , 5-tr imethylhexanoic 
acid, said refrigerator oil exhibiting a pour point not 
higher than -10°C. 



20 



25 
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Declaration, Power of Attorney, and Petition 

As a below named inventor, I hereby declare that: „ , ^ „ 

Page 1 of 2 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
invcntor(if plural names are listed below) of the subject matter which is claimed and for which a patent is soucht on the inven- 
tion entitled..Fmm..CQMPQSITIONS..Cpmm OILS.-AHD.:CHLQRINE.TTl'W..F.IvUQ]R.iARBON 
.RE.FB.I.GERANTg 



.- the specification of which 
...as 

(if applicable). 



(check one) [3 is attached hereto. □ was filed on 

Application Serial No and was amended on 

_ I hereby state that I have reviewed and understand the contents oflhe above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37. Code of Federal Regulations. § 1 .56(a). 

I hereby claim foreign priority benefits under Title 35. United States Code § I 19 of any foreign application(s) for 
patent or mventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 

Prior Foreign Appllcatlon(s) 

u<=^-; 1 -r Priority claimed 

(v!it^'- J^fPSQ .DecQTiber 28,^^ ^ □ 

-•fi^i.-. ..1.-3.4 124.5 JaRan tecember 28, 1989 

iv;wmv;mi.;;;:.;ni;d yes No 

•^:Hel,....2.- 10.5.7 7.2 Japan .Ap.r-il 20, 1990 B □ 

i>.yV^o;Vh;,-c;7ni<J Ves No 

<Nu^*-^"-^^^-2 Japan May....l.5.,.....I9.9.0. El □ 

l>-y/monlhyyc.rnic<i y^^ 

I hereby claim the benefit under Title 35. United States Code. § 120 of any United States application(s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United Slates 
application in the manner provided by the first paragraph of Title 35. U nited States Code. § I! 2, 1 acknowledge the duty 
to disclose material information as defined in Title 37. Code of Federal Regulations. § 1.56(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 



(Ai;;;nc:;iin';;;;i:vN;;:i ifiu^ijdaM Vmv;;:;) ii:ii^:^i:i:;;;i:i;;.7u;^o;^i\ 

1 hereby declare that all statements made herein of my own knowledge arc true and that all statements made on 
information and belief arc believed to be trtie; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 001 of Title 
1 8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

And I hereby appoint 

Ralpli E. Biicknam, Reg. No. 14,814, Fernanda M. Fiordalisi, Reg. No. 20,938, 
of RUCKNAM AND ARCHER, Joseph J. Orlando, Reg. No. 25,218 
600 Old Country Road, Garden City, New York 1 1530 - 
Tel, No. (516) 222-8885 

my attorney with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith. 

Wherefore I pray that Letters Patent be granted to me for the invention or discovery described and claimed in the 
foregoing specification and claims, and I hereby subscribe my name to the foregoing specification and claims, 
declaration, power of attorney, and this petition. 

Full name of sole or first Inv.enlor }:^l^.?..?.hL..^.^§3.9.?:^A 

Inventor's signature lddLMAi..JMM.£A^QJZE^. Date Imh^A^^TT^'^^^ 

Residence c/o...NIProN..OIL...CX)...,... LABORATORY 

Citizenship...^.^^^. ?-/....!5?.ifi9^.i.-9.h9./.....Naka-k 

Post Office Address .S.a!Ee.....as.....ires..i.denc.e ....'..1... 



Full name of second joint Inventor, if any No.bo.i:.u...,j;SHX DA 

Second Inventor's signatuVc L<S«t!^<».\AA.\./*i)t^ Date )7laajr>ki Js^ JWS' 

Residence ...cio...NIPgON..OIL.,,ra LABORATORY 

Citizenship . J.i^iw. l..!..£,.."^aiIdQj^'I3oI^ , Yokohama-shi , Kanagawa7'" JAPAN 

Post Office Address ^...^.BI^.^....±3.....EB3..h^.9.:^.S.^. 
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^ Declaration, Power of Attorney, and Petition 

a below named inventor. I hereby declare (hat: Page 2 of 2 

My residence, post office address and citizenship arc as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
(if plural names arc listed below) ofthe subject matter which is claimed and for which a patent is sought on the invcn- 

tlcd..^LUIj3..COMPflSJ:m.NS._GQm4ININa..JREE.MGEEA'EQS.;^^^^ 

.I^FEIGERMTS 



- the spcciricaiion of which 

(check one) E is attached hereto. □ was filed on . as 

Application Serial No and was anrvcnded on (if applicable), 

I hereby state that 1 have reviewed and understand the contents ofthe above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information wliich is material to the examination of this application in 
accordance with Title 37. Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Codc§ 1 19 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that ofthe application on which priority is claimed: 

Prior Foreign Application(s) 

Priority claimed 

....He.i..,....l.-.3.4.1244 !?.ap.an December 28, 1989 £3 □ 

^ i>.x/m<,„;h,iWr-nfc<i Yes No 
« ....Hsi........l.-3.4.1.24.5 .. Japan Decennber 28, 1989 gj □ 
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2>....HedL....2.T:'l2L133 Japan my 15. 1.990 B □ 

y =' (Cmn.ry) t).y,m<.n<(./y,.r yeS NO 

m I hereby claim the benefit under Title 35, United States Code. § 120 of any United Stales appljcation(s) listed below 
J^and, insofar as the subject matter of each ofthe claims of this application is not disclosed in the prior United States 
3 application in the manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty 
3o disclose material information as defined in Title 37, Code of Federal Regulations, § 1 .56(a) which occurred between 
Jihe filing date ofthe prior application and the national or PCT international filing date of this application: 



~ 1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 
! 8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

And 1 hereby appoint 

Ralph E. Bucknam, Reg. No. 14,ai4, Fernanda M. Fiordalisi, Reg. No. 20,938, 
ofRUCKNAM AND ARCHER, Joseph J. Orlando, Reg. No. 25,218 
600 Old Country Road, Garden City, New York 11530 - 
Tel. No. (516) 222-aaa5 

my attorney with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith. 

Wherefore I pray that Letters Patent be granted to me for the invention or discovery described and claimed in the 
foregoing specification and claims, and I hereby subscribe my name to the foregoing specification and claims, 
declaration, power of attorney, and this petition. 

Full name of sole or first Inventor ."[!;.?lJ:.?.5.i...SAS AK I 

Inventor's signature ^0}ie^<Sa^....~)..A<Mj2^. Date ...'ife(2&.Ql3_-i-?l<^-- 
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Post Office Address ...„ Same _.as„..res ia.S.nc.g. _ „ 
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Second Inventor's signatulre. 
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Post Office Address .„ 



as residence 
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